Knowledge of the mechanisms regulating the sequence of changes whereby neuroblasts differentiate into neurons is fundamental to an understanding of how reflex arcs and higher association pathways become organized. The manner and extent to which the development of neurons is regulated by intra-cellular, presumably genetic, mechanisms and through the interaction between cells, either those of the peripheral field or other neurocellular elements, remain largely unknown. Observations on the normal sequential changes in form' or chemistry2' of these cells have not provided information pertaining to the mechanisms regulating the changes described.
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However, many experiments based on the enumeration of cells2' 8'11,2,35 show the number of motor neurons ultimately present in the spinal cord of the chick is roughly proportional to the volume of the peripheral field. Further, by correlating the form, spatial arrangement, and sequence of occurrence of unipolar and bipolar neuroblasts, one of the investigators2 arrived at the suggestion that the peripheral field regulates the final number of neurons present in the motor horn by a process of selective induction of indifferent cells to differentiate into neurons. Unipolar neuroblasts in the motor area became bipolar about the time that their axons reached the uninnervated periphery and, as these neuroblasts became bipolar, those indifferent cells medially adjacent to the now bipolar cells began to develop axons. Accordingly, a reduction of the volume of the peripheral field (by limb bud removal) terminates the process of induction earlier by limiting axon outgrowth, and fewer neuroblasts are called upon to differentiate. Additional support for the induction hypothesis has been presented by Mottet.n Our earlier experiments,"' though they indicate the progressive changes in the form of neuroblasts that are induced by the peripheral field, provide no evidence regarding the mechanisms responsible for these changes; that is to say, they give no evidence of the dynamics of cell metabolism associated with the morphological changes. The importance of these metabolic activities appears, in some cases at least, to be reflected in the chemistry of the cells. For example, in sea urchin eggv7 and in Drosophilia"' the mitotic cells contain a high concentration of desoxyribonucleic acid (DRN) in their nuclei and a low concentration of ribonucleic acid (RNA) in their cytoplasm, whereas in comparable inter-mitotic or differentiated cells the relative concentrations are reversed. By means of ultraviolet absorption spectroscopy, Hyden7 has shown that as mantle cells differentiate into motor neurons in the rabbit fetal spinal cord there is a progressive increase of RNA and a decrease of DRN. This led Hyden to the conclusion that nucleic acids are important intermediaries in the synthesis of neuron cytoplasm. Studying the re-synthesis of axoplasm in regenerating adult primate motor neurons, Bodian and Mellors' found an inverse relationship between the concentration of RNA and acid phosphatase enzyme (AP).
Since one aspect of the differentiation of neuroblasts into neurons in terms of form is the increase of cytoplasmic volume, and in view of the projected role of nucleic acids and acid phosphatase in the synthesis of cytoplasm, one approach to the analysis of the mechanisms regulating neuron differentiation would be to determine whether or not the changes in concentration of the aforementioned substances are regulated by extracellular (peripheral field) or intracellular forces.
MATERIALS AND METHODS
To demonstrate whether or not the nucleic acids and acid phosphatase activity are affected by the peripheral field we removed the periphery before the neuroblasts had visible signs of differentiation. This was done by removing the right posterior limb bud from chick embryos at 60 to 70 hours' incubation by means of the operative technique described previously. 8 Neither heat nor albumin was used to mount the section on slides. The ribbon of sections was simply pressed firmly onto the slides then placed in xylol and 100% alcohol for one minute each. To prevent the sections from coming off the slides they were then placed in an alcohol-ether-celloidin mixture. The tissues were next hydrated Following this the sections were incubated twelve hours at 37.5°C. in the substrate solution described by Gomori. Results of this technique permit consistently good differentiation eliminating the "unexplained" negatives that occur with Moog's' method. Recent improvements of the technique by Goetsch and Reynolds"2 permit more accurate localization of the sites of AP activity within various regions of individual cells.
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No attempt was made to interpret the results of the techniques employed in terms of absolute quantity or total activity. The conclusions drawn were based on a comparison of relative activity in cells differentiating into neurons with that of indifferent neuroblasts within the same tissue section. The half of the spinal cord contralateral to the affected side of each tissue section served as the control.
OBSERVATIONS
Acid phosphatase. The AP activity was greater in the cells of the spinal cord and ganglia than in the surrounding mesenchyme or epithelium of the nine embryos killed at four days' incubation. However, the renal tubules were stained more intensely than the spinal cord. Within the cord itself the cytoplasm of the indifferent mantle cells appeared homogeneous light brown. The activity in the nuclei of these cells appeared to be much greater, for they stained dark brown to black (Figs. 1, 2, 3 ). By contrast, those cells within the mantle that were differentiating into unipolar and bipolar neuroblasts, as judged by the intensity of the staining, appeared to have had a greatly increased cytoplasmic AP activity, equaling that of the nuclei. These cells are in the motor area and lateral surfaces of the medullary tube. Similarly, cells differentiating into sensory neurons in the spinal ganglia had an intense cytoplasmic AP activity. Here the cells with increased activity were located in the ventrolateral portion of the ganglia. Axon processes of all differentiating neuroblasts had a moderately intense AP reaction, though less than in the perikarya.
The number of differentiating neuroblasts was comparable in both the affected and control sides in eight of the four-day embryos. In these embryos, the volume of the periphery removed was not sufficient to limit the peripheralward growth of nerve fibers during the period of life. However, from embryo AP 11, a more extensive removal was achieved and the number of cells having an increased AP activity in the motor area of the affected side was less than in the control side. Those cells not induced to differentiate remained indistinguishable from indifferent mantle cells.
In the eight embryos killed at five days' incubation the disparity in the number of differentiating motor cells in the control and affected sides was readily observed on inspection. On the affected side the few motor neuroblasts present were located at the lateral surface of the area near the marginal layer. The area occupied by motor neurons on the control side extended farther medially toward the ependyma. Bilaterally, the cells differentiating into neurons were similar in appearance, with nuclei and cytoplasm having an intense AP reaction. Indifferent cells in the mantle had dark nuclei and light-brown cytoplasm. The difference in the number of differentiating motor neuroblasts between the control and affected sides of the spinal cord was more obvious in the ten embryos aged six and seven days (Figs. 2, 3) . The differentiating neuroblasts, both motor and sensory, appeared black, whereas the indifferent cells remained light brown in color. In not one of these embryos did we observe evidence of regressive cellular changes, either in the spinal ganglia or motor horn. If the regressive changes in differentiating cells are similar to those observed in mature neurons, one would expect to find an elevated AP activity in the degenerating cells.
Ribonucleic acid. Sixteen embryos were studied to determine the differences in the RNA content of the differentiating and indifferent neuroblasts. In the four-day embryos nerve fibers extended equidistant from the cord toward the limb on the left and into the axial mesenchyme on the affected side. The area occupied by motor neuroblasts in the cord and spinal ganglia were of comparable size on the two sides. That the differentiating motor and sensory neuroblasts had a more intense RNA response than did the indifferent cells was clearly visible in the four-day specimens. Their cytoplasm was uniformly dark blue with a clear nucleus and a dark-blue nucleolus. Axons had a very slight RNA response. Those cells in the spinal ganglia that stained intensely were located in the ventrolateral region (Fig. 4) .
On the affected side of the specimens aged five through eighteen days, the increased cytoplasmic RNA activity occurred in fewer cells than on the control side (Figs. 5, 6 ). Those cells on the medial aspect of the motor area that were not induced to differentiate into neurons remained indistinguishable from indifferent mantle cells. Further, we saw no evidence of regressive changes.
Desoxyribonucleic acid. The Feulgen reaction was comparable in all indifferent mantle cells in the four-day embryos. Their cytoplasm, which had no DRN, appeared clear, but the nuclei were a uniform mauve color with interspersed chromatin particles appearing dark violet. Those cells of the ependymal layer that were in the process of mitosis had chromosomes colored dark violet. Neuroblasts which were differentiating into motor and sensory neurons had a less intense Feulgen response than the indifferent mantle cells.
The diminution of the Feulgen reaction was more evident in the fivethrough ten-day embryos. When the volume of periphery removed had been sufficient to limit the peripheralward growth of nerve fibers, the number of cells in the motor horn or spinal ganglia having a diminished DRN reaction was less than on the control side. These cells were comparable in form and location to those having an increased RNA and AP response. Cells which were not induced to differentiate into neuroblasts had a Feulgen reaction comparable to the normal indifferent cells.
DISCUSSION
The validity of the cytochemical techniques for demonstrating nucleic acid and phosphatase enzyme activity has been subjected to careful scrutiny and analysis since their inception; therefore, to present here a detailed evaluation of the evidence would be superfluous. A reader can refer to the voluminous reviews of the Feulgen reaction."81'"29 Also, criticisms of its specificity by the Stedemans,' Choudhuri,' and Carr' have been analyzed by Serra,' Caspersson," Stowell,' and Brachet.9 Similarly, the specificity of the By correlating cellular content with cell activity Brachet' obtained cytochemical evidence that sea urchin eggs decrease in cytoplasmic RNA during cleavage. A concomitant increase in DRN in the chromosomes was also observed. This relationship was further studied by Caspersson and Schultz1' who used ultraviolet absorption spectroscopy to compare nucleic acid concentration in rapidly dividing cells with their differentiated homologue. For these studies the rapidly growing onion root tip cells were compared with the basal cells, and the gut cells of larval Drosophilia were compared with imaginal disc resting cells. In both cases, the rapidly dividing cells had a lower concentration of RNA than the quiescent ones. Also employing ultraviolet absorption spectroscopy, Hyden2' has shown in the rabbit fetus that as mantle cells differentiate into motor neurons, there is a progressive increase in RNA and a decrease in DRN.
The experiments on motor and sensory neuron differentiation in chick embryos herein reported are in agreement with those of Hyden on the rabbit fetus. In addition, we have demonstrated that in the motor cells the changes in concentration of these substances (also AP) are primarily controlled by the peripheral field. Furthermore, the cytochemical differentiation of these cells occurs concomitantly with the morphological, namely, the increase of cytoplasmic volume by axon and dendrite growth. Though our observations are in agreement with those of Hyden, they are at variance with those of Bodian and Mellors, and Bueker, Solnitsky, and Meyers"1 on the re-synthesis of axoplasm in regenerating adult motor neurons. They observed an inverse relationship between the concentration of RNA and AP in pathologically modified neurons (axon amputation). While regressive changes were in progress, RNA was reduced in concentration, whereas AP increased above normal levels. Following this, during the regenerative phase, the RNA increased to the normal level and the AP decreased toward normal.
We interpret the incongruity of cytochemical response in regenerating neurons as compared with differentiating neuroblasts to be a cytochemical expression of a fundamental difference between differentiation and regeneration. The latter is a response to an injury to the integrity of a neuron, whereas the former is the progressive response of neuroblasts to changes in their environment, resulting in differentiation. Presumably the geneplasm establishes the capacity to produce RNA, DRN, and AP, but the time and degree of expression of these substances are dependent on the environment of the cell (and therefore the nature of environmental modification).
In many cases of neoplastic modification the AP content of central nervous system tumor cells' varies with the degree of anaplasia. In astrocytomas the nuclei of the tumor cells stain deeply, whereas their processes stain moderately. Glioblastomas are similar; however, in the medulloblastoma studied the nuclei of the medulloblasts stained deeply while their cytoplasm remained unstained. Even though the small number of tumors of each type studied negates the reliability of interpretation, there appears to be a general correlation between the degree of anaplasia and the cytoplasmic development and less AP. This is comparable to our observations on the cytoplasmic AP content during various stages of neuroblast differentiation.
That nucleic acids and acid phosphatase are in some manner related to the synthesis of cytoplasm seems to be a valid conclusion. The experiments herein described were designed to study the mechanism regulating the cellular concentration of these substances, and thereby the synthesis of cytoplasm. Having observed that those cells that are not induced to differentiate into neurons remain identical with the normally indifferent cells, it follows that synthesis of cytoplasm during neuroblast differentiation occurs as a result of an interaction between tissues-cells of the medullary tube with those of the mesenchyme. These results, besides showing the concentration of nucleic acids and acid phosphatase to be affected by the peripheral field, provide further support of the previously advanced hypothesis2"'1 that the periphery controls the number of motor and sensory neurons by selective induction of indifferent cells to differentiate. Thus it may be inferred that the periphery induces a fundamental shift in the metabolism of some of the indifferent mantle cells from the reproduction of nucleoplasm to the synthesis of cytoplasm.
SUMMARY AND CONCLUSIONS
That neuron differentiation in chick embryo spinal cord and ganglia is regulated by selective induction of indifferent cells has been demonstrated by cytochemical means. From 70 embryos the right posterior limb bud and adjacent axial tissue (the periphery) were removed before three days' incubation. The contralateral (left) side was the control. Employing Feulgen, Nissl, and Gomori reactions, the desoxyribonucleic acid, ribonucleic acid, and acid phosphatase enzyme, respectively, were studied in embryos from four to fifteen days' incubation. In the controls the nuclear DRN was diminished in cells differentiating into neurons. Concomitantly, the cytoplasmic RNA and AP reactions became more intense. These cytochemical changes paralleled the morphological. On the affected side the anterior horn and spinal ganglion cells that normally differentiate into motor and sensory neurons remained cytochemically indistinguishable from the indifferent cells. These results show the concentration of nucleic acids and acid phosphatase to be affected by the peripheral field and support the previously advanced hypothesis that the periphery controls the number of motor and sensory neurons formed by inducing indifferent cells to differentiate into neurons.
